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Abstract
This contribution proposes following cleanups for PPS:
1. When mixed_nalu_types_in_pic_flag is equal to 1, no_pic_partition_flag is not signaled but inferred to be equal to 0 and rect_slice_flag is not signaled but inferred to be equal to 1.
2. When pic_width_in_luma_samples/pic_height_in_luma_samples is smaller than or equal to CtbSizeY, num_exp_tile_columns_minus1/num_exp_tile_rows_minus1 is not signaled but inferred to be equal to 0, and tile_column_width_minus1[ 0 ]/tile_row_height_minus1 [ 0 ] is not signaled but inferred to be equal to PicWidthInCtbsY/PicHeightInCtbsY – 1. A bugfix for the semantics of tile_column_width_minus1[ i ]/ tile_row_height_minus1 [ i ] is also presented when num_exp_tile_columns_minus1/num_exp_tile_rows_minus1 is equal to 0.
Proposed Cleanups 
For the latest working draft of VVC [1], two aspects of cleaning up of PPS signaling are proposed.
Signaling of no_pic_partition_flag and rect_slice_flag
When mixed_nalu_types_in_pic_flag is equal to 1, there are at least two subpictures. Therefore, the picture refers to this PPS must be partitioned, i.e. no_pic_partition_flag shall be equal to 0. Furthermore, subpicture can only be constituted with slices using rectangular modes. Therefore, rect_slice_flag shall be equal to 1 in this case. 
The following modification is proposed to clean up the redundancy of signaling in PPS when the value of mixed_nalu_types_in_pic_flag is equal to 1, with additions are highlighted (also applies to later sections)

	pic_parameter_set_rbsp( ) {
	Descriptor

	…
	

		mixed_nalu_types_in_pic_flag
	u(1)

	  ….
	

	  if (!mixed_nalu_types_in_pic_flag)
	

	no_pic_partition_flag
	u(1)

		if( !no_pic_partition_flag ) {
	

			pps_log2_ctu_size_minus5
	u(2)

			num_exp_tile_columns_minus1
	ue(v)

			num_exp_tile_rows_minus1
	ue(v)

			for( i = 0; i  <=  num_exp_tile_columns_minus1; i++ )
	

				tile_column_width_minus1[ i ]
	ue(v)

			for( i = 0; i  <=  num_exp_tile_rows_minus1; i++ )
	

				tile_row_height_minus1[ i ]
	ue(v)

			if( NumTilesInPic > 1  && !mixed_nalu_types_in_pic_flag)
	

				rect_slice_flag
	u(1)

			if( rect_slice_flag )
	

				single_slice_per_subpic_flag
	u(1)

			if( rect_slice_flag  &&  !single_slice_per_subpic_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

			…
	


Meanwhile, the semantics of no_pic_partition_flag is changed as follows:
“no_pic_partition_flag equal to 1 specifies that no picture partitioning is applied to each picture referring to the PPS. no_pic_partition_flag equal to 0 specifies each picture referring to the PPS may be partitioned into more than one tile or slice. When not present, the value of no_pic_partition_flag is inferred to be equal to 0”
The semantics of rect_slice_flag doesn’t have to be changed.
Signaling of tile-related information 
It is noted that when signaling subpicture information in SPS, they are signaled only when picture width or height is greater than CtbSize (i.e. pic_width_max_in_luma_samples>CtbSizeY when signaling subpic_ctu_top_left_x[i] and subpic_width_minus1[i], and pic_height_max_in_luma_samples> CtbSizeY when signaling subpic_ctu_top_left_y[ i ] and subpic_height_minus1[i]), as shown below:

	seq_parameter_set_rbsp( ) {
	Descriptor

	…
	

		pic_width_max_in_luma_samples
	ue(v)

		pic_height_max_in_luma_samples
	ue(v)

	  …
	

		subpic_info_present_flag
	u(1)

		if( subpic_info_present_flag ) {
	

			sps_num_subpics_minus1
	ue(v)

			sps_independent_subpics_flag
	u(1)

			for ( i = 0; sps_num_subpics_minus1 > 0 && i <=  sps_num_subpics_minus1; i++ ) {
	

				if( i > 0  &&  pic_width_max_in_luma_samples > CtbSizeY )
	

					subpic_ctu_top_left_x[ i ]
	u(v)

				if( i > 0  &&  pic_height_max_in_luma_samples > CtbSizeY ) {
	

					subpic_ctu_top_left_y[ i ]
	u(v)

				if( i < sps_num_subpics_minus1  &&
					pic_width_max_in_luma_samples > CtbSizeY )
	

					subpic_width_minus1[ i ]
	u(v)

				if( i < sps_num_subpics_minus1  &&
					pic_height_max_in_luma_samples > CtbSizeY )
	

					subpic_height_minus1[ i ]
	u(v)

				if( !sps_independent_subpics_flag) {
	

					subpic_treated_as_pic_flag[ i ]
	u(1)

					loop_filter_across_subpic_enabled_flag[ i ]
	u(1)

				}
	

			}
	

	…
	

	  }
	

	  …
	


The reason is that the above mentioned four syntax elements are counted in unit of CtbSizeY. If picture width or height is smaller than or equal to CtbSizeY, then their value are not necessary to be signaled as the countable size is not larger than 1, hence these values can be inferred to remove signaling redundancy. For example, the value of subpic_ctu_top_left_x[i] is inferred to be equal to 0 when picture width is not larger than CtbSizeY.
In PPS, the tile-related information are also counted in units of CtbSizeY, such as tile_column_width_minus1[ i ], tile_column_row_minus1[ i ]. The value of syntax elements num_exp_tile_columns_minus1 and num_exp_tile_rows_minus1 are also constrained in units of CtbSizeY. It is suggested to also consider the cases that picture width or height is not larger than CtbSizeY when signaling tile-related information in PPS, in order to remove singaling redundancy, as well as to achieve design consistency with subpicture signaling in SPS. 
The modification to tile-related syntax elements are presented below, with with deletion striked through (also applies to later sections):
	pic_parameter_set_rbsp( ) {
	Descriptor

	…
	

		mixed_nalu_types_in_pic_flag
	u(1)

		pic_width_in_luma_samples
	ue(v)

		pic_height_in_luma_samples
	ue(v)

	  ….
	

	no_pic_partition_flag
	u(1)

		if( !no_pic_partition_flag ) {
	

			pps_log2_ctu_size_minus5
	u(2)

			num_exp_tile_columns_minus1
	ue(v)

			num_exp_tile_rows_minus1
	ue(v)

			for( i = 0; i  <=  num_exp_tile_columns_minus1; i++ )
	

				tile_column_width_minus1[ i ]
	ue(v)

			for( i = 0; i  <=  num_exp_tile_rows_minus1; i++ )
	

				tile_row_height_minus1[ i ]
	ue(v)

			if (pic_width_in_luma_samples > CtbSizeY) {
	

	num_exp_tile_columns_minus1
	ue(v)

	for ( i = 0; i  <=  num_exp_tile_columns_minus1;i++) {
	

	tile_column_width_minus1[ i ]
	ue(v)

	}
	

	}
	

			if (pic_height_in_luma_samples > CtbSizeY) {
	

				num_exp_tile_rows_minus1
	ue(v)

			for ( i = 0; i  <=  num_exp_tile_rows_minus1; i++ ) {
	

				tile_row_height_minus1[ i ]
	ue(v)

	      }
	

	    }
	

			if( NumTilesInPic > 1)
	

				rect_slice_flag
	u(1)

			if( rect_slice_flag )
	

				single_slice_per_subpic_flag
	u(1)

			if( rect_slice_flag  &&  !single_slice_per_subpic_flag ) {
	

				num_slices_in_pic_minus1
	ue(v)

			…
	


[bookmark: _GoBack]Meanwhile, the semantics of these four syntax elements are modified as follows: 
num_exp_tile_columns_minus1 plus 1 specifies the number of explicitly provided tile column widths. The value of num_exp_tile_columns_minus1 shall be in the range of 0 to PicWidthInCtbsY − 1, inclusive. When no_pic_partition_flag is equal to 1, the value of num_exp_tile_columns_minus1 is inferred to be equal to 0. When pic_width_in_luma_samples is smaller than or equal to CtbSizeY, the value of num_exp_tile_columns_minus1 is inferred to be equal to 0.
num_exp_tile_rows_minus1 plus 1 specifies the number of explicitly provided tile row heights. The value of num_exp_tile_rows_minus1 shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive. When no_pic_partition_flag is equal to 1, the value of num_tile_rows_minus1 is inferred to be equal to 0. When pic_height_in_luma_samples is smaller than or equal to CtbSizeY, the value of num_exp_tile_rows_minus1 is inferred to be equal to 0.
tile_column_width_minus1[ i ] plus 1 specifies the width of the i-th tile column in units of CTBs for i in the range of 0 to max(0, num_exp_tile_columns_minus1 – 1), inclusive. tile_column_width_minus1[ num_exp_tile_columns_minus1 ] is used to derive the width of the tile columns with index greater than or equal to num_exp_tile_columns_minus1 as specified in clause 6.5.1. The value of tile_column_width_minus1[ i ] shall be in the range of 0 to PicWidthInCtbsY − 1, inclusive. When not present, the value of tile_column_width_minus1[ 0 ] is inferred to be equal to PicWidthInCtbsY − 1.
tile_row_height_minus1[ i ] plus 1 specifies the height of the i-th tile row in units of CTBs for i in the range of 0 to max(0, num_exp_tile_rows_minus1 − 1), inclusive. tile_row_height_minus1[ num_exp_tile_rows_minus1 ] is used to derive the height of the tile rows with index greater than or equal to num_exp_tile_rows_minus1 as specified in clause 6.5.1. The value of tile_row_height_minus1[ i ] shall be in the range of 0 to PicHeightInCtbsY − 1, inclusive. When not present, the value of tile_row_height_minus1[ 0 ] is inferred to be equal to PicHeightInCtbsY − 1.
The semantics of tile_column_width_minus1[ i ]/tile_row_height_minus1[ i ] seems not considering the case when num_exp_tile_columns_minus1/ num_exp_tile_rows_minus1 is equal to 0. In this case, the range upbound of i num_exp_tile_columns_minus1/ num_exp_tile_rows_minus1 – 1 would be -1. A clipping of their upbound max(0, num_exp_tile_columns_minus1/ num_exp_tile_rows_minus1-1) is proposed to ensure their upbound is equal to or larger than 0. 
Conclusions
This contribution proposes two aspects of cleanup for syntax elements in PPS by removing unnecessary signaling redundancy. The source code based on the latest commit (7257fba5) is attached for the proposed aspects. It is suggested to adopt the proposed bug fixes to the next version of VVC specification.
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